Abstract 2-Acetyl-5-bromothiophene and 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole, as deactivated bromide candidates, were prepared and used for Suzuki cross-coupling reactions with a number of aryl(hetaryl)boronic acids in water or DMF as solvents. The cross-coupling reactions were carried out under thermal heating as well as microwave irradiating conditions using a benzothiazole-based Pd(II)-precatalyst. Optimization of the catalytic reaction condition was also studied.
Introduction
Thiophene derivatives are important class of heterocyclic compounds that are widely involved in many agrochemicals and pharmaceuticals. 1 They are employed in drug synthesis, for example
Gabitril is an antiepilepsy drug 2 and Canagliflozin is a drug for the treatment of type 2 diabetes 3 (Chart 1). In addition, thiophene-based molecules have shown numerous biological activities such as antitumor, 4 analgesic, 5 anti-inflammatory, 6 and antibacterial against Gram-positive bacteria. 7 Suzuki-Miyaura reactions are among the most powerful tools for construction of carbon-carbon bond in organic synthesis both in industry and academia. [8] [9] [10] [11] These reactions have also been widely exploited in the synthesis of natural products, 12, 13 and the design of pharmaceuticals. 14 The use of water as green solvent has been encouraged by the desire to create cleaner, safer, and more environmentally benign chemical processes over the past few decades. [15] [16] [17] Microwave irradiation methodology has also been receiving much interest in accelerating organic synthesis. 18, 19 2-Acetyl-5-arylthiophenes were synthesized in literature via different routes such as: (1) direct arylation of 2-acetylthiophene with bromobenzenes, 20 
Results and Discussion
Suzuki coupling of 2-acetyl-5-bromothiophene (2) with arylboronic acids under thermal heating and microwave irradiation The first bromide substrate; 2-acetyl-5-bromothiophene (2) was prepared by treatment of 2-acetylthiophene with N-bromosuccinimide in a mixture of glacial acetic acid and acetic anhydride according to the reported literature. 40, 41 Suzuki cross-coupling reactions of 2-acetyl-5-bromothiophene (2) with activated and deactivated aryl(heteroaryl)boronic acids 3a-e were carried out under thermal heating as well as microwave irradiation conditions using Pd(II)-precatalyst 1 as shown in Table 1 . The cross-coupling reactions yielded of the corresponding 5-aryl(heteroaryl)-2-acetylthiophenes 4-8 in almost full conversions with excellent isolated yields regardless of the heating mode. The reaction components molar ratios were as following; 1 mmol 2-acetyl-5-bromothiophene (2), 1.2 mmol arylboronic acids 3a-e, 0.6 mmol tetrabutylammonium bromide (TBAB), 2 mmoles of KOH and 0.25 mol% of the precatalyst 1 in water (3 mL). The identity of the resulted coupling products was confirmed from their 1 H and 13 C NMR and MS spectral data. Although, sulfur species are reported as potential catalyst poisons that cause a remarkable decrease in the catalytic activity of palladium catalysts, 42 also the thiophene moiety was mentioned as poison of a perfluorinated Pd-complex, 43 the cross-coupling of 2-acetyl-5-bromothiophene (2) with 3-thienylboronic acid (3e) proceeded straightforward giving excellent yield of 2-acetyl-3`,5-bithiophene (8) after 10 hours of thermal heating and after 9 min of microwave irradiation (Table 1 , entry 5). 
Synthesis of 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole (10)
The hitherto unreported, 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole (10) was prepared, as shown in Scheme 1, using Hantzsch method involving the reaction of α-halocarbonyl compounds with thiourea or thioamides. Thus, treatment of 2-acetyl-5-bromothiophene (2) with bromine in the presence of AlCl 3 afforded 5-bromo-2-(bromoacetyl)thiophene (9) in 96% yield. (10) having a deactivating heterocyclic ring (thiazole) was examined. At first, it was better to optimize the catalytic condition of the new bromide substrate 10 with phenylboronic acid. The efficiencies of different bases and solvents as well as the proper catalyst concentration in the coupling reaction between 10 and phenylboronic acid were investigated under microwave irradiation. As shown in Table 2 , runs 1-3, water/TBAB/KOH catalytic reaction condition was applied under microwave irradiation at different concentrations of Pd-complex 1 (0.125, 0.25 and 0.5 mol%, respectively), unfortunately there was no coupled products under all these concentrations. Repeating the same reaction using a mixed solvent (DMF/water/TBAB/KOH) and 0.5 mol% of Pd-complex 1 resulted in only 20% yield of 11. When DMF was used as a sole solvent and KOH as base with 0.25 mol% of Pd-complex 1, 50% yield was obtained (run 5, Table 2 ). Replacing KOH by Cs 2 CO 3 using Pd-catalyst 1 in 0.25 and 0.5 mol% concentrations, gave 50% and 72% yield, respectively (Table 2 , runs 6,7). Raising the Pd-complex concentration into 1 mol% using DMF/Cs 2 CO 3 resulted in full conversion as detected by TLC, after 30 min of microwave irradiation, with 80% isolated yield of 2-methyl-4-(5-phenythiophen-2-yl)-1,3-thiazole (11) (run 8, Table 2 ). To evaluate the effect of heating mode, the cross-coupling reaction was repeated using DMF/Cs 2 CO 3 and 1 mol% of the precatalyst 1 under thermal heating at 100 C˚ for a longer time (40 hours) where only traces of the product 11 were detected by TLC (run 9, Table 2 ).
Suzuki coupling of 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole (10) with arylboronic acids 3a-e under microwave irradiation.
Next, the optimized catalytic condition above was generalized for coupling of further arylboronic acids 3b-e with 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole (10) using Pd(II)-complex 1 (1 mol%) in DMF/Cs 2 CO 3 . The reaction components molar ratios were as following; 1 mmol of bromide 10, 1.2 mmol of arylboronic acids 3, 2 mmoles of Cs 2 CO 3 using 1 mol% of the complex 1 in DMF (3 mL). The coupling reaction was conducted in a closed-vessel under microwave irradiation to give the corresponding arylthiophenylthiazole derivatives 11-14 in moderate to good isolated yields as outlined in Table 3 . Unfortunately, the coupling of the bromide 10 with the deactivated 3-thienylboronic acid 3e to get the bi(thienyl)thiazole derivative 15 resulted in no cross-coupling reaction even after 45 min of microwave irradiation (entry 5, Table 3 ). 
An alternate Pd-free synthesis of 2-methyl-4-(5-phenythiophen-2-yl)-1,3-thiazole (11).
2-Methyl-4-(5-phenythiophen-2-yl)-1,3-thiazole (11) that was synthesized above, was alternatively prepared by a palladium-free conventional chemical method. 
Conclusions
Although both the coupling candidates 2-acetyl-5-bromothiophene (2) and 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole (10) have a bromine atom attached to the thiophene moiety, the reactivity of the thiazole containing candidate 10 was sharply different from that of 2 in water under microwave irradiation condition. Optimization of the catalytic conditions led to exploring the suitable coupling condition for such deactivated thiazolyl bromides. The obtained findings will be a lead to further investigations for coupling reactions of related deactivated bromides. (9), 44 and 2-(bromoacetyl)-5-phenylthiophene (16) 45 were accomplished following the procedures reported in literature.
Synthesis of 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole (10).
To a solution of 5-bromo-2-(bromoacetyl)thiophene (9) (9.9 g, 35 mmol) in absolute ethanol (20 mL), thioacetamide (2.62 g, 35 mmol) was added and the mixture was refluxed for 2 hr then left to cool to room temperature and finally poured onto cold aqueous ammonia (pH 10). The solid product so formed was filtered off, washed with water and dried. Recrystallization from ethanol afforded an off-white solid of 4-(5-bromothiophen-2-yl)-2-methyl-1,3-thiazole (10) Suzuki-Miyaura coupling of 2-acetyl-5-bromothiophene (2) with arylboronic acids using Pd-complex 1 in water under thermal heating. General Procedure. A mixture of 2-acetyl-5-bromothiophene (2) (205 mg, 1 mmol) and the appropriate arylboronic acids 3a-e (1.2 mmol), TBAB (194 mg, 0.6 mmol), palladium complex 1 (1.14 mg, 0.25 mol%), KOH (112 mg, 2 mmol), and water (3 mL) were heated under reflux for the appropriate reaction times as listed in Table 1 (monitored by TLC). The products were then extracted with ethylacetate (EtOAc) (3x20 mL). The combined organic extracts were dried over anhydrous MgSO 4 then filtered and the solvent was evaporated under reduced pressure. The residue was then subjected to separation via flash column chromatography with n-hexane/EtOAc (4:1) as an eluent to give the corresponding pure cross-coupled products 4-8. and the appropriate arylboronic acids 3a-e (1.2 mmol), TBAB (194 mg, 0.6 mmol), palladium complex 1 (4.6 mg, 1 mol%), Cs 2 CO 3 (652 mg, 2 mmol), and DMF (3 mL) were mixed in a process glass vial. The vial was capped properly, and thereafter the mixture was heated under microwave irradiating conditions at 160 ˚C and 250 Watt for the appropriate reaction time as listed in Table 3 . After the reaction was almost complete the cross-coupled products were then extracted with EtOAc (3x20 mL). The combined organic extracts were dried over anhydrous MgSO 4 then filtered and the solvent was evaporated under reduced pressure. The residue was then subjected to separation via flash column chromatography with n-hexane/EtOAc (4:1) as an eluent to give the corresponding pure cross-coupled products 11-15. The results of this study are outlined in Table 3 . Phenylthiophen-2-yl)-2-methyl-1,3-thiazole (11 
Suzuki

4-(5-
